The magnetic-field-induced birefringence in wedged homeotropic ferronematic liquid crystals is studied. Theoretical results for small distortions are obtained in terms of the elastic continuum theory of liquid crystals. The results of birefringence measurements are in good agreement with the predictions of the theory.
From studies of the effect of an external magnetic field on liquid crystals (LC's), it is well known that a strong magnetic field' is required because the anisotropic part of the diamagnetic susceptibility (AX) of the LC is rather small. 2 To obtain the magnetically induced birefringence in LC's at practical field strengths, ferromagnetic gainsl" 3 -' 0 have been used. Thus, from practical considerations, it is natural to study the physical properties of ferronematic crystals, 6 which are magnetically doped nematic LC's. In our previous research 6 ' 7 ' 9 "1 0 the magnetically induced birefringence in a homeotropic ferronematic crystal packed in two parallel plates of glasses was studied. However, wedge LC films show interesting properties. For example, Grover" reported that the initial bend in the molecular alignment of a homeotropic nematic wedge causes a relaxation in the reorientational degeneracy of the electrically induced Freedericksz transition. A new type of domain, occurring in twisted-wedge nematic structures, was reported by Martin-Pereda et
Furthermore, several LC-based optical devices that use different configurations and electric, magnetic, or optical external fields have been proposed.1 3 -' 7 With its thickness gradient configuration, the wedge LC cell has high potential for optical devices. However, to our knowledge, no report exists on the magnetooptic effect of a wedge LC film. The low field requirement for ferronematic LC's makes experiments on the magneto-optic effect easy. In this Letter the magnetic-field-induced birefringence for a homeotropic ferronematic wedge in the low-field regime is reported. The experimental results agree with theoretical predictions based on the elastic continuum theory of LC's.
Consider a homeotropically aligned wedged film of ferronematic LC (FNLC) as shown in Fig. 1 . The wedge has an angle a -1° with a 350-,gm spacer placed 2 cm from the apex. For a small a, the unperturbed director makes an angle 00 = aZID with the Z axis, where D is the thickness of the wedge at that point measured on the Z axis. The magnetization vector M, which is always perpendicular to the director n, points either inward or outward with respect to the contacting edge of the wedge. After a vertical magnetic field H is applied, four different configurations can occur, as shown in Fig. 2 . The configuration shown in Fig. 
1(c) corresponds to Figs. 2(a) and 2(b).
In the lowfield regime, the distortion is weak, and one may neglect the dependence of the orientational angle on the x coordinate since a is small. We define the orientational angle 0 of the director n as
where Or indicates the field-induced reorientation angle.
To find the magnetic-field-induced birefringence of the film, we must know the molecular reorientation angle Or. By using the elastic continuum theory, this can be obtained by minimizing the total free energy per unit wall area. This energy is given by
where the upper sign is for H up and the lower sign is for H down and K = (Kl -K 3 3 )/K 3 3 , with K,, and K 3 3 the splay and bend elastic constants, respectively. By minimizing Eq. (1) with the Euler-Lagrange equation, one can readily show that
When we solve Eq. (2) These two equations also hold true for the cases shown in Figs. 2(c) and 2(d) , where B has a negative value. In our experiment, the ferronematic LC is magnetically doped N-P-methoxybenzylidene-p-butylaniline 6 "Y with a volume filling factor of 1.71 X 10-5. The magnetic particles are y-Fe 2 O 3 needles 0.5 gm long and have an aspect ratio of -7:1, a density of 4.78 g/cm 3 , and a saturation magnetization of 338.4 ergs/G-cm 3 . Their magnetic dipole moments point along the long axes of the particles. These needles are coated with dimethyl octadecyl aminopropyl trimethoxysilyl chloride (DMOAP) to prevent clumping. The sample film is made by sandwiching the ferronematic LC between two glass plates. The wedge is achieved by using a 350-Am spacer, as shown in Fig. 1(a) . The glass plates are coated with DMOAP for homeotropic alignment.
The sample was examined by microscopy and conoscopy. The field-induced birefringence was mea- 
The magnetic-field-induced molecular reorientation can be found by measuring the corresponding induced change in birefringence. For a probe beam propagating along the Z axis, the phase retardation is given by 1 = 27r (ne-no)
where ne and no are the extraordinary and ordinary indices of refraction of the LC, respectively, and X is the wavelength of the probe beam. For convenience, sured with a He-Ne placed laser. 6 During the measurement the sample film was placed horizontally. The magnetic dipole moment of the ferronematic matrix is initially aligned by the horizontal component of the Earth's field. A magnetic field is applied vertically with a pair of Helmholtz coils. The induced phase difference is measured first for H upward and then for H downward. These two are then added or subtracted to obtain A1v or A6 2 from Eq. (6) or (7), respectively. Some typical phase measurements are shown in Fig.  3 for different sample configurations. Figure 3 and 7(b), A/ 2 is indeed proportional to the cube of the sample thickness D.
In conclusion, in the low magnetic field regime, the continuum theory predicts that All is proportional to the square of H and the fifth power of D and that A6 2 is proportional to H and the cube of D. The birefringence measurement results are in good agreement with these predictions.
